Paleocene benthic and planktonic foraminifers occur throughout a long interval of the sedimentary succession cored at Site 605. A biostratigraphic zonation based on planktonic foraminifers is proposed for this Paleocene section. Zones identified are Subbotina pseudobulloides Zone, Morozovella trinidadensis Zone, M. uncinata Zone, M. pusilla pusilla Zone, Planorotalitespseudomenardii Zone, and M. velascoensis Zone. Fluctuations in the sedimentation rate occurred at Site 605. Rates of deposition were high during the M. pusilla pusilla and P. pseudomenardii zones, and a depositional hiatus may occur at the base of the M. velascoensis Zone. Qualitative and quantitative analysis of benthic foraminiferal assemblages suggests that the Paleocene sediments of Site 605 were deposited near the upper limit of Nuttallides truempyi, that is, approximately in the middle bathyal zone (600 m or more).
INTRODUCTION
Site 605 is located on the uppermost continental rise of the New Jersey Transect, in 2197 m of water, 100 miles southeast of Atlantic City, New Jersey ( Fig. 1) . Hole 605 was cored to 816.7 m and penetrated five lithologic units (Fig. 2) . The oldest sediments drilled at this site (Subunit VB) are Maestrichtian in age. The Cretaceous/Tertiary boundary was reached at 760.2 m. The Paleocene section (Subunit VA and Unit IV) lies between 564 m (Paleocene/Eocene boundary) and 760.2 m. The lowermost Paleocene sediments (Subunit VA), 77 m thick, are composed of olive gray clayey limestones, rich in terrigenous silt (15-20%) and glauconite (2-4%). Unit IV, of middle and late Paleocene age, is made up of 176 m of dark greenish gray clayey nannofossil limestones. This unit is characterized by well-developed marl-limestone cycles and frequent bioturbation (Zoophycos burrows).
This chapter discusses the planktonic and benthic foraminifers identified from the Paleocene sedimentary section recovered at Site 605. The primary objective of this study was to correlate Paleocene strata using standard planktonic foraminiferal zonations. A further objective was to investigate the benthic foraminiferal assemblages in the Paleocene sediments in order to interpret the environmental conditions of their deposition.
PREPARATION OF SAMPLES
Samples were prepared by standard methods. First, 10-cm 3 samples were dried in a oven at 80-100°C for about 12 hr. for a dried sample weight of ~ 10-20 g. The weakly cemented sediment was disaggregated in water to which was added a spoonful of Calgon. This mixture was boiled for a few minutes to aid in disaggregation and partially clean the foraminifers. The treated samples were wet-sieved with a 0.160-mm mesh screen. The dried residue was examined for foraminifers.
Some planktonic foraminifers were picked for taxonomic and biostratigraphic determination. All of the benthic foraminifers (> 0.160 van Hinte, J. E., Wise, S. W., Jr., Init. Repts. DSDP, 93: Washington (US. Govt. Printing Office).
2 Address: Laboratoire de Micropaléontologie et de Géologie Marines, Université de Nice , Pare Valrose, 06034 Nice Cedex, France. mm) were picked for a qualitative taxonomic determination and a subsequent quantitative study designed to provide tools for understanding paleoecologic and paleoceanographic conditions.
Ratios calculated from the foraminiferal abundance data include (1) planktonic foraminifers/total microfauna, (2) agglutinated benthic foraminifers/all benthic foraminifers, and (3) abundance of benthic foraminifers expressed as specimens/g dry sediment. The interval from Sample 605-64-1, 54 cm to the upper part of Core 605-63 is characterized by low-carbonate sediments in which only radiolarians were identified. This span may represent the M. angulata Zone (P3a).
5. The Morozovella pusilla pusilla Zone (P3b) was identified in samples from Core 605-57 to Core 605-62. Many specimens of the index species are associated with M. cf. angulata, M. conicotruncana, P. chapmani, P. cf. compressa, Acarinina velascoensis, and S. triloculinoides. 6. The P. pseudomenardii Zone(P4) was identified from Sample 605-46-4, 90-92 cm to Core 605-56 by the presence of the zonal species, associated with P. chapmani, M. acuta, and A. velascoensis 
SEDIMENT ACCUMULATION RATES
Sediment accumulation rates for the Paleocene section recovered in Cores 44 to 65 (196.2 m) of Site 605 were calculated using planktonic foraminiferal stratigraphy. The geochronometric scale and the biostratigraphic units used here are those given by Hardenbol and Berggren (1978) .
The sediment accumulation rate was relatively low (6 m/Ma) during the early Paleocene (Subbotina pseudobulloides Zone to Morozovella angulata Zone). This low rate was accompanied by a high percentage of planktonic foraminifers (>50%). This period was followed by one of high sedimentation rates (50 m/Ma), and low per- centage of planktonic foraminifers (<SO<Vo), (M. pusilla pusilla (P3b) and Planorotalites pseudomenardii (P4) zones). A hiatus appears to be present between the P. pseudomenardii Zone (P4) and the M. velascoensis Zone (P5), and the sedimentation rate during the late Paleocene is consequently impossible to estimate. In the uppermost part of the Paleocene section, however, the percentage of planktonic foraminifers is very high (95-99%), suggesting either a lower rate of sedimentation or higher productivity of foraminifers during this period.
PALEOENVIRONMENTAL CONDITIONS
The distribution of deep-water benthic foraminifers is in part related to depth, but recent studies (Douglas and Woodruff, 1981) have shown that other factors, such as temperature, marine current, carbonate saturation, and substrate, are also of primary importance. Paleocene benthic foraminifers are so unlike modern and Neogene species and genera that paleodepth estimates can no longer be based upon faunal comparisons. Some estimates of paleodepth can be obtained, however, from the presence of certain genera {Pullenia, Stilostomellá) that in the modern habitat are exclusively represented by deep-water species.
Considerable progress has been made in our understanding of Paleocene deep-water benthic foraminifers. According to Berggren and Aubert (1975) , three major types of Paleocene benthic foraminiferal assemblages indicate deposition at depths ranging from inner neritic to abyssal. The assemblage characterized by Gavelinella rubiginosa, G. velascoensis, G. beccariiformis, Nuttallides truempyi, Nuttallinella florealis, Aragonia velascoensis, Osangularia velascoensis, and Gaudryina pyramidata, called the "Velasco-type" faunal assemblage (Cushman, 1926; Cushman and Renz, 1946; White, 1928 White, -1929 , has, from general geologic considerations, been determined to represent a deep-water environment. All these very distinctive species were identified at Site 605, and it is thus easy to determine that Paleocene benthic foraminifers at this site originated in deep water (> 200 m), but it is difficult to state how deep the water was.
We can place some constraints upon the depth of deposition of Paleocene sediments at Site 605 by the episodic occurrence of Nuttallides truempyi. This very distinctive benthic foraminifer, Maestrichtian to latest Eocene in age, is one of the dominant lower bathyal-abyssal taxa. Berggren and Aubert (1983) suggest an upper depth limit of 500-600 m between upper and middle bathyal depths, for this taxon, which does not occur in neritic assemblages ("Midway-type" assemblage). Thus, N. truempyi may be a good paleobathymetric marker, and if we take its presence or absence as a reference index, we can distinguish in the Paleocene sequence of Site 605 a succession of four foraminiferal assemblages (Table 1) In these four foraminiferal assemblages, some species almost always present are Spiroplectammina spectabilis, Gaudryina pyramidata, Eggerella trochoidea, Nodosaria velascoensis, Pullenia gr. quinqueloba, Osangularia velascoensis, Anomalinoides praespissiformis, Gavelinella beccariiformis, and G. velascoensis.
The sporadic occurrence of Nuttallides truempyi and the dominance of Velasco-type foraminifers intercalated with Midway-type microfauna suggest deposition of the Paleocene sequence in middle bathyal depths, near the upper limit of the depth range of N. truempyi.
At first glance, the succession of the four Paleocene foraminiferal assemblages could be explained, from bot-P. SAINT-MARC torn to top, by lowering of the sea level. In the basal Paleocene, Nuttαllides truempyi predominates; it progressively disappears upward. In upper layers, Midway-type foraminifers, apparently autochthonous and normally developed in shelf facies (<200 m; Berggren and Aubert, 1975; Aubert and Berggren, 1976) , are associated with Velasco-type foraminifers. But this supposed lowering of sea level is contradicted by the geologic context (deepening of the Atlantic Ocean) and by the hypothesis of global changes of sea level proposed by Vail et al. (1977) , in which the late Paleocene is characterized by a progressive rise in the sea level. Foraminiferal distribution patterns are related to water mass distribution (Berggren, 1978) rather than absolute depth, and there seems no justification for interpreting minor bathyal faunal changes as a result of epeirogenetic uplift or sea level change. Rather they may indicate changes in bottom-water properties caused by climatic events or bottom currents. Berggren and Schnitker (1983) postulated, from a variety of sources, that during the Paleocene and Eocene the marine climate of the North Atlantic ranged from subtropical at low latitudes to warm temperatures at high latitudes, and that the continental climates on adjacent land areas were predominantly warm and humid. Haq et al. (1977) studied the spatial and temporal distributions of early Cenozoic calcareous plankton of the Atlantic Ocean and interpreted the temporal oscillations of the assemblages as the results of climatic fluctuations. They postulated cool climates during the earliest Paleocene (65-63 Ma), relatively warm climates from 63 to 60 Ma ("middle" Paleocene), a cooling episode between 60 and 57 Ma (late Pa-leocene), with a peak near 59 Ma, and a warm interval in the latest Paleocene and early Eocene, with one minor cooling around 54-53 Ma (Paleocene/Eocene boundary).
The three first climatic periods of the Paleocene postulated by Haq et al. (1977) are not obvious in the studied section. However, Ceratobulimina perplexa is present in two intervals: from 605-65,CC to 605-64-4, 90-92 cm and from 605-59,CC to 605-56-2, 90-92 cm, sediments deposited approximately during the inferred "cool" periods of the Paleocene (Zone P1, upper part of Zone P3, and basal part of Zone P4). This benthic foraminiferal assemblage has an apparently disjunct midlatitude distribution in the Northern and Southern Hemispheres (McGowran, 1966) and may be related to colder bottom water, but proof is lacking. The warm interval of the late Paleocene is marked at Site 605 by dominantly carbonate deposition (from 605-47,CC to 605-45-2, 90-92 cm), and by the occurrence of Midway-type fauna in Velascotype assemblages. It seems that these Midway-type species constitute autochthonous components of foraminiferal assemblages; their presence does not appear to be linked to downslope transport. The occurrence of these shallow benthic foraminifers in deep-sea sediments could be explained by expanded depth ranges of these species caused by hydrographic changes.
There are few DSDP sites with comparable paleobathymetric conditions. Paleocene sections at other sites were generally deposited in deeper water. The environment of deposition was probably abyssal for Site 400, abyssal to lower bathyal for Sites 361 and 401, and lowermiddle bathyal for Sites 236, 363-364, and 208 (Schnitker, 1979; Proto Decima and Bolli, 1978; Vincent et al., 1974; Webb, 1972) . However, Site 237 (Vincent et al., 1974) , located in the Mascarene Plateau of the Indian Ocean, and Site 329, located on the Maurice Ewing Bank of the South Atlantic (Tjalsma, 1977) , show strong faunal similarities with Site 605 (Table 2) . Deposition was postulated as upper bathyal to upper abyssal (200-2500 m) at Site 237 and mid to lower bathyal (600-1800 m) at Site 329. This agrees with our hypothesis assigning a depositional depth in the mid to lower bathyal zone (600-1800 m) to the Paleocene section of Site 605.
CONCLUSIONS
The sedimentary history of the Paleocene in the North Atlantic is not very well known, for this period is poorly represented in deep-sea sequences. Its widespread absence is partly due to the formation of deep-sea unconformities. Thus Hole 605, which penetrated a near-complete sedimentary sequence of Paleocene age, furnishes interesting data on the deposits, the sediment accumulation rates, and the paleoenvironment of this period in the northeastern Atlantic. Paleocene strata of Site 605 have been correlated with standard zonations of planktonic foraminifers. The following zones have been identified: the Subbotina pseudobulloides Zone, the Morozovella trinidadensis Zone, the M. uncinata Zone, the M. pusilla pusilla Zone, the Planorotalites pseudomenardii Zone, and the M. velascoensis Zone. The M. angulata Zone has not been identified. The sedimentation rate fluctuates, with a high rate of deposition during the M. pusilla pusilla and P. pseudomenardii zones. A depositional hiatus is presumed to be present at the base of the M. velascoensis Zone. Qualitative and quantitative analysis of the rich and well-preserved benthic foraminiferal assemblages has allowed us to assign the Paleocene section of Site 605 a depositional depth in the middle bathyal zone (600 m or more).
SPECIES REFERENCE LIST
There is a considerable literature dealing with Paleocene benthic foraminiferal taxonomy, but compared with the volume of knowledge that is available about shallow-water benthic foraminifers, our existing knowledge of Paleocene deep-water foraminifers is scanty indeed. As usual in the literature on foraminifers, it is clear that the same species has been recorded under different names, although recent micropaleontologic works on Paleocene strata have considerably clarified foraminiferal taxonomy (Tjalsma and Lohmann, 1983) . A thorough taxonomic discussion of the Paleocene benthic foraminifers of Site 605 is consequently beyond the scope of this article.
The majority of the species mentioned in this report are well known in the literature. A reference to the type-species of each identified benthic foraminifer is given here, with complementary reference(s) to complete descriptions, illustrations, and synonymies. Jhitaxia midwayensis (Cushman) . Clavulinoides midwayensis, Cushman, 1936, Cushman Lab. Foram. Res. Spec. Publ., 6:21, pi. 3, figs. 9, 15 . Tritaxia midwayensis (Cushman) , Berggren and Aubert, 1975, Palaeogeogr. Palaeoclimatol., Palaeoecol., 18:142, pi. 1, fig. la-e. Wtaxia trilatera (Cushman) . Clavulina trilatera, Cushman, 1926, Am. Assoc. Pet. Geol. Bull., 10:588, pi. 17, fig. 2 . Tritaxia trilatera (Cushman) , Proto Decima and Bolli, 1978, Init. Repts. DSDP, 40: 796, pi. 1, fig. 8 . Drochammina deformis Grzybowski, 1898, Rozpr. Akad. Um. Krakowie, 33(2)13:288, pi. 11, figs. 20-22. Gradstein and Berggren, 1981, Mar. Micropaleontol, 6:256, pi. 8, fig. 8-10 . Arenobulimina cuskleyae Jennings, 1936, Bull. Am. Paleontol, 23(28): 13, pi. 1, fig. 8 . Pozaryska, 1968, Paleontol. Polonica, 20:36 Cushman and Todd, 1942, Cushman Lab. Foram Res., 18:33, pi. 6, figs. 5-6 . Lenticulina insulsus Cushman, 1947, Contr. Cushman Lab. Foram. Res., 23:83, pi Table 2 . Main species of benthic foraminifers present in Site 237 (Indian Ocean; Vincent et al., 1974) , Site 329 (South Atlantic; Tjalsma, 1977) , and Site 605 (North Atlantic; this chapter).
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